The dissociation of the hydroxymethyl radical, CH 2 OH, and its isotopolog, CD 2 OH, following the excitation of high OH stretch overtones is studied by quasi-classical molecular dynamics calculations using a global potential energy surface (PES) fitted to ab initio calculations. The PES includes CH 2 OH and CH 3 O minima, dissociation products, and all relevant barriers. Its analysis shows that the transition states for OH bond fission and isomerization are both very close in energy to the excited vibrational levels reached in recent experiments and involve significant geometry changes relative to the CH 2 OH equilibrium structure. The energies of key stationary points are refined using high-level electronic structure calculations. Vibrational energies and wavefunctions are computed by coupled anharmonic vibrational calculations. They show that high OH-stretch overtones are mixed with other modes. Consequently, trajectory calculations carried out at energies about ∼3000 cm −1 above the barriers reveal that despite initial excitation of the OH stretch, the direct OH bond fission is relatively slow (10 ps) and a considerable fraction of the radicals undergoes isomerization to the methoxy radical. The computed dissociation energies are: D 0 (CH 2 OH → CH 2 O + H) = 10 188 cm −1 , D 0 (CD 2 OH → CD 2 O + H) = 10 167 cm −1 , D 0 (CD 2 OH → CHDO + D) = 10 787 cm −1 . All are in excellent agreement with the experimental results. For CH 2 OH, the barriers for the direct OH bond fission and isomerization are: 14 205 and 13 839 cm −1 , respectively.
I. INTRODUCTION
The chemistry of hydroxyalkyl radicals is important in atmospheric and combustion environments. The prototypical hydroxymethyl radical, CH 2 OH, is a significant product in the reaction of O( 1 D) with methane, 1 while reactions of halogens with methanol 2 yield predominantly CH 2 OH. Hydroxymethyl radicals or their structural isomers, the methoxy radicals, are implicated as intermediates in the O + CH 3 and CH + H 2 O reactions. [3] [4] [5] [6] Previous experimental and theoretical work on the photophysics and photochemistry of the hydroxymethyl radical focused on its excited Rydberg electronic states and the involvement of conical intersections. [7] [8] [9] [10] Vibrational excitation and predissociation of CH 2 OH in the ground electronic state has received much less attention because of experimental difficulties. Gas-phase spectroscopic studies of vibrational levels such as the symmetric and antisymmetric CH stretch fundamental vibrations of CH 2 OH, as well as excitation of 1-4 quanta of the OH stretch (ν 1 mode) were reported previously. [11] [12] [13] Perhaps the most intriguing result of the previous studies was the observation of overtone-induced vibrational predissociation of CH 2 OH upon excitation of the 4ν 1 vibrational level. 13 In these studies, the excited OH bond coincided with the bond that was broken. In other cases of overtone-initiated a) Author to whom correspondence should be addressed. Electronic mail:
krylov@usc.edu. excitation of OH-containing molecules, 14 the broken bond was not excited directly and; therefore, the local oscillator character of the vibration was preserved even above the dissociation threshold. Nevertheless, the existence of a barrier in CH 2 OH → CH 2 O + H reaction 3, 15, 16 apparently renders sufficient local-mode character to the OH vibration to enable high overtone excitation. The production of H atoms upon excitation near the estimated 4ν 1 ← 0 transition was observed with the action spectrum showing a partially resolved rotational structure. In similar studies of CD 2 OH, 13 only H fragments were observed, indicating that isomerization to CHD 2 O was at best a minor channel, despite the fact that the available calculations 3, 15 all placed the barrier for isomerization to methoxy lower than the barrier for OH bond breaking. As described previously, 10, 15 the minimum energy structure of CH 2 OH is non-planar and non-symmetric (C 1 ) with unequal CH bond lengths. However, there are several nonsuperimposable conformers that can interconvert over small barriers by inversion at the carbon center or internal rotation about the C-O bond (see Fig. 1 of Ref. 15 ). The barrier to inversion of the CH 2 group with respect to C s symmetry is very small and lies below the zero-point energy, and thus the equilibrium structure of the radical spans several conformers. 10, 11, 15, 17 In fact, Johnson and Hudgens 11 concluded that the electronic ground state behaves as A (C s symmetry) with respect to electronic spectroscopy. Nevertheless, as pointed out before, 9, 10, 15, 17 the ground electronic state for the C 1 minimum structure is of A symmetry for which mixing of σ , π , n molecular orbitals (MOs, of a and a FIG. 1. Energy diagram for ground electronic state dissociation and isomerization of hydroxymethyl radical. All energies are relative to CH 2 OH (CD 2 OH) vibrational ground state and calculated at RCCSD(T)/CBS level of theory using RCCSD(T)/AVTZ harmonic zero-point energies. For a quantitative comparison with the most recent experimental measurements of dissociation energies the ZPEs of CH 2 OH (CD 2 OH) and its dissociation products are calculated also using VSCF/VCI. These values are given in parentheses. Corresponding imaginary frequencies are indicated below the barriers. Note the lower barrier for dissociation of CH 3 O relative to CH 2 OH, and the comparable barriers for OH bond fission and isomerization in CH 2 OH. symmetry in C s ) is allowed. Bruna and Grein calculated the orbital energies of CH 2 OH at its minimum energy C 1 structure as well as at the two structures of C s symmetry (called inversion and rotation). 10 In addition, they reported vertical excitation energies to Rydberg and valence states for these three structures. Yarkony identified conical intersections between the lowest lying Rydberg state, 3s, and the ground electronic state. 9 The previous theoretical studies did not focus on the relative heights of the dissociation and isomerization barriers, which are crucial to the interpretation of the overtone-induced dissociation results.
The goal of the present study is to examine the dissociation dynamics of CH 2 OH in the ground electronic state with special emphasis on the role of CH 2 OH → CH 3 O isomerization. We constructed a global potential energy surface (PES) for the CH 2 OH ↔ CH 3 O system that spans configurations from the minima of the two isomers to slightly above the dissociation and isomerization barriers. The important configurations and energies for this PES are shown in Figs. 1 and 2. CH 2 OH is more stable than CH 3 O by ∼3300 cm −1 . CH 3 O requires ∼12 000 cm −1 relative to the CH 2 OH minimum to surmount the barrier to H + CH 2 O, while the barrier for CH 2 OH decomposition is ∼14 000 cm −1 , very close in energy to the isomerization barrier (now placed at ∼13 600 cm −1 ) and the employed excitation in the experiments (∼13 600-13 660 cm −1 ). Whereas the energetically favored pathway for CH 2 OH appears to be isomerization, excitation of the OH stretch overtone would not appear to be a mode that promotes this isomerization. Thus, not only the relative barrier heights are of crucial importance, but also the couplings of the OH stretch to other modes at these high energies. From a theoretical perspective, quantitative studies of the CH 2 OH ↔ CH 3 O system near and above the dissociation threshold are challenging for several reasons: (1) accurate calculations of heights and shapes of dissociation and isomerization barriers are required; (2) a global PES that includes all conformers is needed to explore all the feasible dissociation routes; (3) calculating frequencies and couplings of high vibrational states is a daunting task, in particular when the levels are coupled to dissociative continua; (4) the ground state has a conical intersection with the A (3s) state (this should be of negligible consequence for the present study); and (5) the necessary use of classical dynamics calculations means that the absence of tunneling, and zero-point energy must be acknowledged.
This article reports barrier heights, relevant geometries, dissociation energies, vibrational levels, and rotational constants for CH 2 OH and CD 2 OH. It also includes results of quasi-classical dynamics simulations that demonstrate both direct OH fission and isomerization pathways. In the paper following this one (Paper II, Ref. 18) , new experimental results using velocity map imaging are presented, which give evidence for the participation of direct OH bond fission and isomerization in the overtone-induced predissociation of the hydroxymethyl radical.
II. COMPUTATIONAL DETAILS
The present study employs two different electronic structure methods: density functional theory using the rangeseparated ωB97X functional, 19 and restricted coupled-cluster with singles, doubles, and perturbative triples, RCCSD(T). 20 The ωB97X calculations were carried out using the Q-Chem suite of quantum chemistry programs, 21 while all RCCSD(T) calculations were performed with MOLPRO. 22 The basis sets used are Dunning's augmented correlation-consistent sets of the triple and quadruple zeta quality (aug-cc-pVTZ and augcc-pVQZ, referred hereafter as AVTZ and AVQZ). 23 The PES for this system has two distinct minima (CH 2 OH and CH 3 O, the former structure exists as two mirror images) and four saddle points (see Figs. 1 and 2). In order to provide the most accurate relevant energetics, geometry optimizations of each stationary point were performed using RCCSD(T)/AVTZ. A single-point RCCSD(T)/AVQZ energy was then obtained at each geometry, and the correlation energy was extrapolated to the complete basis set (CBS) limit using the standard 1/n 3 formula. 24 Harmonic frequencies were also obtained at each stationary point at the RCCSD(T)/AVTZ level of theory. These data are provided in supplementary material. 25 In order to characterize the vibrational energies and couplings of CH 2 OH (CD 2 OH) as well as the dissociation dynamics, two PESs were constructed. Both PESs are based on the representation of the potential energy using permutationally invariant polynomials in Morse variables, 26 exp (−r ij /a), where r ij is the internuclear distance between atoms i and j, and a is a reference length (typically ∼2 bohr). The first PES was designed to address the vibrational problem and so comprised a fit of 48 226 RCCSD(T)/AVTZ energies, which were concentrated mainly around the CH 2 OH minimum, but also reached the barriers for isomerization to CH 3 O and for dissociation to CH 2 O + H. The total polynomial order for this PES was limited to six and the overall root-mean-square (RMS) error of the surface was 82 cm −1 (37 cm −1 RMS and 305 cm −1 max. deviation below 14 000 cm −1 ). A dipole moment surface was also calculated using a subset of 39 999 of these points at the ωB97X/AVTZ level of theory. The second PES comprised a fit of 74 227 RCCSD(T)/AVTZ energies. This set includes all points from the first dataset plus CH 2 O + H fragment data, the CH 3 O well, and more points in the transition state regions. The total polynomial order for this PES was limited to 7, and the overall RMS error was 217 cm −1 (128 cm −1 RMS and 467 cm −1 max. below 17 000 cm −1 ). The larger error in the second potential, despite the increase in the dataset and polynomial order, is because it spans both a considerably larger range of possible geometries and much higher energy configurations than in the PES for vibrational structure. Both PESs employ the ezPES interface. 27 For both PESs, points were chosen first by construction of one-, two-, and a few three-dimensional cuts in internal coordinates centered on the minima and saddle points of interest. These were then supplemented with points generated by classical molecular dynamics trajectories in order to ensure full sampling of configuration space.
It should be noted that while the CH 2 OH PES minimum has non-planar geometry ( Fig. 2(a) ), the two mirror-image configurations are connected by a low-energy (∼100 cm −1 ) C s saddle point in which all five atoms are coplanar ( Fig. 2(b) ). This barrier is so low that the ground vibrational state does not exhibit any tunneling splitting, and its wavefunction maximum (as well as vibrationally averaged structure) corresponds to the planar configuration (see supplementry material 25 ). Therefore, this planar saddle point was used as the reference configuration in all vibrational calculations.
Vibrational calculations were performed in full dimensionality (nine normal coordinates) using vibrational configuration interaction/vibrational self-consistent field theory (VCI/VSCF) algorithms, which have been described in the literature previously. 28 In systems that are small enough to permit its use, VCI yields highly accurate vibrational energies that account for anharmonicities and interactions among modes. For CH 2 OH (CD 2 OH) the VCI calculations were limited to the four-mode representation (4-MR) of the potential and included all vibrational angular momentum terms. At the level of 4-MR, the full-dimensional Hamiltonian is used, but the potential is approximated by a sum of functions depending at most on 4 normal coordinates. 29 Thus only VCI basis functions that have different quanta in four or less normal modes have non-zero Hamiltonian matrix elements. All such excitations with ≤5 quanta in each in-plane mode and ≤7 quanta in each out-of-plane mode, subject to the total restriction that the sum of quanta ≤10, were included in the basis set for the VCI expansion. This resulted in a VCI matrix with two blocks of dimensions 46 799 and 40 464 for A and A symmetry representations, respectively. Comparing with results using a smaller basis indicates that the ZPE and fundamental frequencies are well converged at this basis size.
For dynamics simulations of dissociation and isomerization, 10 000 quasi-classical trajectories were initiated using standard normal-mode sampling. In order to avoid problems associated with classical simulations near the tunneling regime, the initial conditions were chosen at higher energy corresponding to five quanta in the OH stretch mode, i.e., ∼3000 cm −1 above the barriers. The VCI energies were used to prepare classical harmonic oscillator distributions with appropriate energy in each mode (5ν 1 level energy for the OH stretch mode and hν i /2 for ZPE in all other modes), then an anharmonic correction method using the actual PES was applied, as described in Ref. 30 . Since the excitation is based on the normal modes calculated at the reference configuration, it does not include the changing character of the vibrational motion at higher excitations and thus always corresponds to a pure OH stretch overtone (normal mode), even if the actual vibrational state is highly coupled by anharmonic effects. This is because the normal mode corresponding to the OH stretch looks like a local mode for just the OH oscillator.
III. RESULTS AND DISCUSSION

A. PES, vibrational energies, and key energetics
The geometries of all relevant stationary points are shown in Fig. 2 . The corresponding RCCSD(T)/CBS energies and harmonic frequencies for both isotopologs and their dissociation products are given in supplementary material. 25 The ab initio optimizations and frequency calculations indicate that the transition states (TS) leading to isomerization (CH 2 OH → CH 3 O) and to OH bond fission (CH 2 OH → CH 2 O + H) are both tight and have imaginary frequencies of 1934i cm −1 and 1756i cm −1 , respectively. Interestingly, both of these structures are pyramidal (with C s symmetry) and have HCOH torsional angles close to 90 • , indicating that to access either TS, significant torsional motion is required. For the OH bond fission channel this motion can be rationalized by consideration of the relevant molecular orbitals, as described below. The significant torsional changes between the equilibrium geometry and the transition state explain partly why even exciting the "correct" coordinate does not lead only to direct dissociation.
For CH 2 OH the fundamental frequencies of all the normal modes obtained from the VCI calculations are in good agreement both with the available experimental values and with the previous theoretical results of Marenich and Boggs. 17 In addition, we present the fundamental frequencies for CD 2 OH. The experimental data in this case are incomplete and less robust; nevertheless, we expect similar accuracy of calculations as in the CH 2 OH case. Both sets of frequencies together with rotational constants for each level are listed in Tables I and II showing excellent agreement with the experimental results.
As the vibrational energy approaches the dissociation and isomerization barrier tops, the normal-mode picture breaks down as a good zero-order approximation, and identification of pure overtones of any particular normal mode becomes impossible. For the OH stretch, however, a single vibrational state carrying a large coefficient of the associated pure overtone basis function can be identified and, with the exception of 4ν 1 in CH 2 OH, these are what we report. The recent experimental observation (see Paper II, Ref. 18) of two peaks in the 4ν 1 region of the CH 2 OH spectrum combined with a similar behavior of OH overtones in methanol 32 suggests the existence of an accidental resonance between the OH stretch and the antisymmetric CH stretch at these energies. The VCI TABLE I. CH 2 OH spectroscopic parameters and zero-point energies (in cm −1 ) from VCI calculations. Vibrational mode descriptions are approximate; the mixed states in CH 2 OH are denoted by leading contributions in their VCI wavefunctions.
Rotational constants Rotational constants Energy
Energy Vibrational level VCI calculation does indeed indicate such a splitting, as shown in Table I . The absence of two peaks in the corresponding spectrum of CD 2 OH in both experiment and calculations supports this interpretation.
Combining the RCCSD(T)/CBS single point energies with the zero-point corrections obtained from VCI allows us to compute accurate dissociation energies (D 0 ), and these are listed in parentheses in Fig. 1 . As will be shown in Paper II, 18 the theoretical values for the CH 2 OH → CH 2 O + H, CD 2 OH → CD 2 O + H, and CD 2 OH → CHDO + D channels are in excellent agreement with the experimental ones. The CH 2 OH dissociation energy is also in excellent agreement with the calculations of Ref. 17 . The other relative energies relevant to the CH 2 OH ↔ CH 3 O system that are shown in Fig. 1 are based on harmonic ZPE values; however, we anticipate that they are within about 100 cm −1 of the anharmonic results, based on comparisons of the VCI values with D 0 values obtained using a similar harmonic approximation.
B. Dynamical calculations
We also carried out quasi-classical molecular dynamics calculations as described above. When the trajectories were initiated using five quanta in the OH stretch normal mode (16 750 cm −1 ), a branching between isomerization and OH bond fission of 20:80% was obtained. While such simulation does not precisely reproduce the experimental conditions in Paper II, 18 i.e., excitation of 4ν 1 , it provides a reasonable (in both cases the energy is deposited primarily into the OH stretch coordinate) and feasible-to-calculate (4ν 1 is just at the threshold for these processes and so trajectories using that excitation are both inordinately long and require some approximate treatment of tunneling) estimate of the competition between isomerization and OH bond fission.
As discussed above, the change in geometry of the two TSs relative to the initial configuration requires significant torsional motion of the initially prepared state prior to iso-merization or dissociation, and so the trajectories live for an average of ∼10 ps before either event. Dissociation following isomerization occurs fairly rapidly (∼1 ps) due to the much lower barrier for CH 3 O → H + CH 2 O reaction (see Fig. 1 ). Trajectories initiated using approximate microcanonical sampling 30 above the CH 2 OH minimum at the same energy yielded a branching ratio more heavily weighted towards isomerization, 60:40 %. This result differs from the one using normal-mode sampling and is farther from the experimental results (see Paper II) indicating that mode-specificity plays a role in the branching. No significant isotope effect was observed in the simulations, with CD 2 OH showing branching ratios very similar to CH 2 OH in either case. Although there is zero-point adiabatic energy difference of ∼550 cm −1 between the dissociation barriers of CHD 2 O → CD 2 O + H and CHD 2 O → CHDO + D, the classical trajectories are likely more sensitive to the potential energy barrier, which is the same in both cases. Sample trajectories illustrative of OH bond fission and isomerization are included in supplementary material. 25
C. Mechanism of dissociation and isomerization
The theoretical results presented above allow us to propose a mechanism for the production of H and formaldehyde by OH bond fission and via isomerization. Previous work 3, 15, 33, 34 examined the role of isomerization starting from the methoxy radical, and both experiment and theory concluded that isomerization to CH 2 OH is unlikely because the barrier for isomerization is significantly higher than the CH 3 O dissociation barrier (see Fig. 1 ). Starting from CH 2 OH, however, the barrier to isomerization is slightly lower than that for direct OH bond fission and, as we report here, upon high OH-stretch overtone excitation a minor but significant fraction of the dissociation events proceed through isomerization, in agreement with the experimental results presented in Paper II.
Naively, we may assume that by exciting a vibration that is nominally an OH stretch overtone, energy would be deposited in the coordinate that leads to direct OH bond fission. However, the calculations reveal a more complicated scenario. Vibrational states that have leading coefficients of ν 1 overtones have significant coefficients of other zero-order states and cannot be described as pure OH stretch excitation. Trajectories initiated from the ground state configuration with five quanta in the OH stretch, as described above, require several picoseconds to dissociate even when the available energy exceeds the barrier heights by nearly 3000 cm −1 ; i.e., they spend considerable time in the bound region of the PES before dissociation.
In addition, the geometries in the TS regions are very different from the equilibrium structure (see Fig. 2 ). In particular, a large out-of-plane rotation of the OH group is required to attain the geometries of the saddle points. To gain insight, it is instructive to examine more closely the shape of the PES near the TS leading to OH bond fission as a function of the dihedral angle. Figure 3 shows a two-dimensional contour plot of the potential energy as a function of the O-H distance and the HCOH' dihedral angle (the dihedral angle connecting hydrogens which are cis to each other at the PES minimum), with all other degrees of freedom relaxed. As described above, in order to reach the TS for OH bond fission, (3), the HCOH' angle needs to change from about 22 • to almost 90 • . Stretching the OH bond without allowing the dihedral angle to relax, (2), leads to energy higher by nearly 4000 cm −1 than the saddle point. Changing the torsional angle at short OH distances (i.e., around equilibrium) results in an energy penalty, whereas the PES is almost flat (along the torsional coordinate) when the OH bond is stretched to 1.2-1.3 Å.
Further insight can be gained by examining the relevant MOs. Figure 4 shows frontier MOs at the three key geometries: the CH 2 OH minimum, (1), a structure with the stretched O-H bond and the HCOH' angle fixed, (2) , and at the TS, (3) . As noted by Bruna and Grein, 10 the doubly occupied orbitals of CH 2 OH bear close resemblance to the formaldehyde's MOs; however, the lower (C 1 ) symmetry of the former enables orbital mixing, especially at distorted geometries.
Indeed, at all three geometries, there is a similarity between the CH 2 OH MOs and those of formaldehyde, i.e., HOMO-2 and HOMO-1 of CH 2 OH resemble the π and inplane lone pair, lp(O), orbitals of CH 2 O. At the equilibrium geometry, HOMO-1 has OH bonding character revealing that the OH bond is derived from in-phase overlap between inplane lp(O) and 1s(H). The corresponding anti-bonding, σ * OH , orbital is higher in energy, and the unpaired electron resides on the lower-energy π * CO orbital, which weakens the CO bond relative to formaldehyde. Stretching the OH bond results in a change in the SOMO character-it becomes σ * OH . Overall, stretching the OH bond destabilizes the bonding σ OH orbital and stabilizes σ * OH , and since the former is doubly occupied and the latter is singly occupied, the overall effect is energetically unfavorable. By increasing the HCOH' angle, as in (3), the overlap between 1s(H) and lp(O) is reduced, and the SOMO and HOMO-1 become non-bonding with respect to the OH interaction (i.e., they become almost pure 1s(H) and lp(O)), which reduces the energy penalty for bond stretching. The effect of the torsion on orbital energies (i.e., stabilization of π * and destabilization of σ OH ) has been noted by Bruna and Grein. 10 Based on the above analysis we can understand why a TS with a stretched OH bond and a twisted HCOH' angle is lower in energy than a structure that has the same OH bond length but a HCOH' angle frozen at its equilibrium value. Note also that the shape of the SOMO at the TS is similar to the product's orbital (late TS).
Alternatively, the coupling between the OH stretch and the HCOH' angle can be rationalized by looking at the dissociation reaction in reverse, i.e., adding H atom to CH 2 O. As the orbital shapes in Fig. 4 suggest, H should interact with the Fig. 3: equilibrium (a) , a structure with the stretched OH bond and the HOCH' angle fixed at the equilibrium value (b), and the TS (c). π * orbital and hence approach CH 2 O from above or below the plane of the molecule. 16 The change in the SOMO character (from π * CO to σ * CO ) upon OH bond stretching is accompanied by a change in wavefunction symmetry (from A to A at planar geometry) that, within the framework of the Woodward-Hoffman rules, would imply the existence of a barrier. We note, however, that in a complex polyatomic system such as CH 2 OH orbital correlation diagrams are rather qualitative and do not always represent interactions of many-electron electronic states. This was noted already by Bruna and Grein who discussed the molecular orbitals of ground state CH 2 OH in geometries of C 1 , A , and A symmetries. According to Fig. 3 the change in wavefunction symmetry occurs relatively far from the barrier, at fairly short OH distances, and there is no complementary low-lying valence excited state of π * CO character that diabatically correlates (at large OH distances) with the ground-state wavefunction (although the energy of the valence σ OH → π * state is considerably lowered along the OH torsion 10 ). The conical intersection of the adiabatic ground-state PES and the Rydberg (3s) state occurs at OH distances that are close to their values at the TS (1.35-1.45 Å, see Ref. 9) . Treating the couplings among the ground and excited states near the barrier to OH fission is beyond the scope of this paper.
IV. CONCLUSIONS
Global PESs for CH 2 OH and CD 2 OH were constructed that includes all relevant barriers and dissociation channels. Vibrational levels were calculated for all fundamentals and for ν 1 overtones up to ∼14 000 cm −1 , and they agree well with the experimental values. Similar good agreement with experiment is obtained for rotational constants and dissociation energies. The electronic structure calculations show that large geometrical changes are required to reach the TSs for OH bond fission and isomerization from the CH 2 OH ground vibrational state. In particular, large torsional motion is required to reach the TS for OH bond fission from the ground state minimum. Attempting to remove the hydrogen atom without an accompanying torsional motion results in a barrier nearly 4000 cm −1 higher than the dissociation saddle point. In order to reduce the energy penalty for stretching the OH bond, the H atom must be nearly perpendicular to the plane of the formaldehyde fragment. This requires that OH undergoes a large torsional motion with respect to the minimum of ground state CH 2 OH, which is nearly planar.
Quasi-classical molecular dynamics calculations demonstrate that radicals excited to 5ν 1 are trapped between two barriers of fairly similar heights and shapes and live for several picoseconds even at energies ∼3000 cm −1 above the dissociation barrier. Dissociation to H + CH 2 O can proceed by direct OH bond fission and also via isomerization followed by dissociation. The branching between the two pathways depends on the mode of vibrational excitation. These conclusions are in qualitative agreement with the experimental results described in Paper II.
In conclusion, the CH 2 OH ↔ CH 3 O dissociative system has proven to be amenable to both detailed experiments 18 on the dynamics and high-level electronic and vibrational anal-ysis. Most of the previous experimental and theoretical work has dealt with initial excitation of CH 3 O for which isomerization is unlikely by energetic considerations. Our work is the first detailed study of vibrational excitation and dissociation of CH 2 OH including the role of isomerization. We hope in the future to extend the theoretical studies to investigate the dissociation in the tunneling regime, the role of symmetry and non-adiabatic interactions in the dissociation, and the detailed vibrational and dissociation dynamics in the CH 2 OH ↔ CH 3 O system.
